1. The rate of protein synthesis in the whole body was measured in one fed subject with seven "N-labelled amino acids (intravenous and oral doses) and two "N protein mixtures (oral doses only). The rates were determined individually from the urinary excretion of ammonia and total urea over a 12 h experimental period.
Summary
1. The rate of protein synthesis in the whole body was measured in one fed subject with seven "N-labelled amino acids (intravenous and oral doses) and two "N protein mixtures (oral doses only). The rates were determined individually from the urinary excretion of ammonia and total urea over a 12 h experimental period.
2. Except with oral glycine and alanine, the synthesis rates given by ammonia and urea were appreciably different within each study when calculated on the assumption of a single pool of metabolic nitrogen in the body. In general, intravenous administration of the tracers gave higher rates with urea and the oral route gave higher rates with ammonia.
3. The differences between intravenous and oral doses of "N could be reduced significantly by calculating synthesis rates from either the arithmetic or harmonic average of flux rates given by ammonia and urea. The averages correspond to estimates of the total flux in a two-pool model of metabolic nitrogen when it is assumed either that both pools receive an equal amount of tracer (arithmetic) or that both have the same rate of nitrogen turnover (harmonic).
4. By so reducing the effect of physical separation of nitrogen in the body, the metabolic aspects of compartmentation of the tracer could be
Introduction
Measurement of the rate of protein turnover in the whole body is becoming more common in a variety of clinical stituations in which nutritional management of the patient is an important consideration. One method for determining the rate of this process uses the stable isotope of nitrogen ("N) and is based on the kinetics of excretion of ammonia and/or urea in urine [l-31. The accuracy of this 'end-product' approach is, however, dependent on a major assumption that metabolically active nitrogen (and tracer "N) in the body is contained in a single homogeneous pool into which nitrogen from the diet and from protein breakdown enters, and from which nitrogen is supplied for the synthesis of proteins and excretory products. This concept, first proposed by Sprinson & Rittenberg [4] , embodies two different elements of nitrogen compartmentation: a physical component and a metabolic one. The physical aspect assumes uniform distribution of nitrogen throughout the body. The metabolic one assumes free metabolic exchange between constituent compounds of this pool (mostly free amino acids).
If the single-pool concept was tenable in physical terms then the same rate of turnover for the pool should be obtained from any end product generated from it (e.g. ammonia or urea) when the same tracer source is given by different physical routes. Only five known studies have examined this aspect [ l , 3, 5-71. All compared rates obtained with [15N]glycine given either intravenously or intragastrically. Two of the studies [ l , 51 reported similar rates with either route, but the comparison was based only onurea. In the other studies, however, where both ammonia and urea were considered, appreciable differences in the kinetic behaviour of these two end products were seen between (and within) the two routes of dosage. Thus the evidence that ammonia and urea are products of a mutual precursor pool of nitrogen in physical terms is debatable.
With respect to metabolic compartmentation, if the single-pool concept of body nitrogen was tenable in metabolic terms, then the rate of its turnover should be given equally by any tracer amino acid administered by the same physical
route. This has been tested in five studies [ 1,8-111. Only one study [ l ] reported no real difference between tracer sources. The others all noted discrepancies. This again suggests that the idea of a single metabolic pool of body nitrogen is not totally defensible.
The aim of the present study was to examine the two components of nitrogen compartmentation in man in a little more detail and to try to distinguish between the effects of each on the measurement of whole-body protein synthesis. In order to reduce the number of confounding variables in such a complex comparison, all measurements have been made in the same person over the same period of the day (10.00-22.00 hours) with the subject consuming a standard diet at a constant rate.
Methods

Experimental subject
The subject used in this study was aged 36 years and was apparently in good health. He was fully aware of the nature of the protocol and freely consented to the 23 separate investigations mentioned in this paper. Basic data on the subject were as follows: height, 179 cm; weight, 73.5 kg; total body water, 42.9 litres [12] ; lean body mass, 59.8-63.8 kg [13, 141. The study, which was approved by the Ethical Committee of the London School of Hygiene and Tropical Medicine, spanned a period of 16 months.
15N tracers
Seven amino acids and two uniformly labelled proteins were used as tracers. Of the amino acids, five were obtained from Prochem, B.O.C. Ltd, London: L-aspartic acid (97.1 atom % excess), L-glutamic acid (95.0%), ~-[5-'~N]glutamine (96.4%), ~-[2-'~N]lysine hydrochloride (96.4%) and glycine (95.8%). The remaining two, L-leucine (92%) and L-alanine (96.7%), were obtained from Issocomerz, Berlin, German Democratic Republic. When administered orally the amino acids were dissolved in a small volume of water. For the intravenous studies they were dissolved in sterile water and the pH was adjusted to 7.4 with sodium bicarbonate (lo%, w/v, in sterile distilled water). The final tracer solution was sterilized (Millipore filtration) and then given by slow injection over a period of 1 h into a vein in the forearm. The doses of 15N and the chronological order of each study are listed in Table 1 .
The uniformly labelled wheat was a winter wheat of the Flanders variety. The isotope was incorporated into the growing plant from doubly labelled ammonium nitrate (5 atom % excess) applied to the soil 4 months before harvesting. After milling (76% extraction), the flour contained 20.86mg (SE 0.18) of nitrogen/g and had an isotope enrichment of 2.90 (SE 0.01) atom % excess.
The uniformly labelled yeast protein was obtained by growing Saccharomyces cerevisiae aerobically at 30°C for 24 h in a medium containing ['5N]amm~nium sulphate (99 atom % excess; KOR isotopes, Cambridge, MA, U.S.A.). The nucleic acid content of the harvested cells was reduced from 6.4% RNA and 0.24% DNA (w/w) to 0.3% RNA and 0.19% DNA by incubating the freeze-dried cells for 45 min in sulphuric acid (0.5 mol/l) at 60'C. The final nitrogen content was 49.78 (SE 0.11) mg/g of dried yeast preparation and the I5N enrichment was 95.18 (SE 0.57) atom % excess. As a result of poor digestibility, the yeast was studied both as the straight preparation and one in which the protein had been partially hydrolysed with pepsin and trypsin (Sigma Chemical Co., Poole, Dorset, U.K.) before administration.
Net absorption of the labelled protein tracers were measured in faecal collections made for 4 days after administration of the dose. The isotope content was measured by mass spectrometry after Kjeldahl digestion. The faecal isotope content was also measured in the study in which glycine was given intravenously.
Included in the investigation were four corroborative studies. Three of them examined if estimates of nitrogen flux were influenced by the dose level of the tracer. With an oral dose of aspartate and of alanine, and an intravenous dose of aspartate, measurements were repeated with a lower amount of these amino acids (about 25% of that previously used). The fourth study, with lysine, investigated whether, because of a high percentage of wheat in the experimental diet, a potential deficiency of dietary lysine had any consequence in the measurement of flux with this amino acid. In this study each meal was supplemented with 290 mg of unlabelled L-lysine so as to bring dietary content of this amino acid to approximately that of milk proteins [15] . This study was also done with a lower dose of "N tracer.
Experimental diets
During each investigation the subject ate a test meal every 2 h. There were seven such meals in all, the first of which was consumed 2 h before the tracer dose was given. The meals provided a total intake of energy of 10.0 kJ and 12.8 g of nitrogen.
With the exception of "N-labelled wheat, the labelled tracers contributed virtually no additional energy or protein to the daily intake. With the "Nlabelled wheat the amount given as the dose was significant, nutritionally, and so it was necessary to adjust the meal consumed when this tracer was given. The adjustment was made by removing an equivalent amount of unlabelled wheat (bread) normally present in the diet. Fluid intake, which was unrestricted except during the hour preceding a blood sample, was about 100 ml/h.
Experimental protocol and analysis of urine and blood samples
The experimental protocol and the analysis of samples was very similar to that previously described [3, 111. Briefly, the isotope was given with the second of the seven experimental meals, just after samples of blood and urine were taken to measure baseline enrichment and concentration of urea and ammonia nitrogen. Eight complete urine collections were then made over the followand 24-48 h). A further blood sample was taken (20 ml) 12 h after the dose was given.
Concentration of urinary ammonia was measured both by acid titration after aeration of the ammonia from strongly alkaline urine (pH> 12) into HCl (1 mol/l) and by the Berthelot reaction. The concentration of urinary and plasma ing 48 h (0-1, 1-2, 2-3, 3-6, 6-9, 9-12, 12-24 urea was measured by the Berthelot reaction after incubation with 10 units of urease (Urease S; Boehringer Mannheim G.m.b.H.). The values were corrected for residual ammonia,
The isotope enrichment of urinary ammonia and urea as well as plasma urea was measured on a single collector mass spectrometer (MS 20; AEI, Manchester, U.K.) with a precision of 0.001 atom % excess. The two end products were separated by aeration of the ammonia into HC1 (1 mol/l) and the resultant ammonium chloride solution and the ammonia-free urine were each treated directly with sodium hypobromite. Measurement of the isotope enrichment of urinary urea nitrogen by the direct treatment of urine (ammonia free) with hypobromite give slightly higher values than those obtained after treatment of urine with urease and subsequent analysis of the liberated ammonia. On a paired basis the difference between the direct and urease-treated samples was significant but small [urease values/direct values = 98.2 (SE 0.6) %; P<O.Ol]. The isotope enrichment of' plasma urea nitrogen was determined after treatment with urease. Total nitrogen in urine was measured by the micro-Kjeldahl method.
Calculation of whole-body rates
The rate of nitrogen flux in the whole body,was estimated individually from the labelling of urinary ammonia and urea nitrogen by a previously reported formula [ l , 21 but with modifications [3, 111. The calculated values are based on the assumption of a single body pool of metabolic nitrogen [4] :
where QA and Qu are the rates of flux calculated from ammonia and urea, respectively; D is the administered dose of I5N; EA is the rate of excretion of nitrogen in urinary ammonia; Eu(cOr) is the corrected rate of excretion of nitrogen in urinary urea (allowances have been made for changes in the size of the urea pool in the body during the 12 h experimental period, see below): eA is the amount of "N excreted in urinary ammonia; and eU is the total amount of 15N present in urea (excreted plus that retained in the body pool at the end of 1 2 h [3] ). With the exception of the isotopic dose (D), which is expressed as mg of 15N, all units are in mg of nitrogen/ 12 h.
In the above expression eA is the product of the amount of ammonia nitrogen excreted in urine (EA) and its isotope content (A&; mg of "N/mg of 14N), such that:
eA=EA.Afi
The value of eU is the sum of two products: that of the actual, as opposed to the corrected, amount of urea nitrogen excreted in urine ( E u ( A~~) ) and the isotope content of urea in urine (@; mg of "N/mg of 14N) plus that of urea nitrogen in the body at 12 h ( B g ) and the isotope content of urea nitrogen in plasma water at 12 h (U:; mg of lSN/ mg of I4N). Thus:
The corrected rate of urea excretion (EU(&,)) was obtained with the following expression:
where B t and Bh2 are the estimated amounts of urea nitrogen in the body at the beginning (0) and end (12) of the experimental period. The estimates are the product of the amount of urea nitrogen in plasma water (mg/l) and of total body water (litres) [3] .
The total flux of nitrogen in the two-pool model for metabolic nitrogen ( Fig. 1 ) was estimated in two ways [3, 111. First, it was calculated on the assumption that there is equal partitioning of the dose of isotope between the two pools such that:
Estimated total nitrogen flux = where aaa is the arithmetic average of the flux rates given by ammonia (QA) and urea (Qu) as shown in the first equation.
Secondly, it was estimated on the assumption that both compartments have the same rate of nitrogen turnover, i.e. it is calculated from the mean isotope content of ammonia and ufea formed over the period of measurement (N*; where dl and d2 are any assumed proportions of the dose (dl+d2=D). This value for-total flux corresponds to the harmonic average @ha) of the rates given individually by ammonia (QA) and urea (Q"):
Rates of synthesis were calculated from the estimates of flux by subtracting the amount of total nitrogen excreted in urine (mg/12 h) after correcting for changes in the size of the body pool of urea [3] . A factor of 6.25 was used to convert g of nitrogen into g of protein.
Results
The degree of labelling of urinary ammonia and urea nitrogen varied considerably from one tracer to another. For ammonia nitrogen, peak enrichment always occurred within the first 2 h after the tracer was given and ranged from 0.031 atom % excess (intravenous lysine) to 1.1 12 (intravenous glutamine) when standardized to a dose of 0.5 mg of 15N/kg body wt. The route of administration made little difference to the time of maximum labelling but intravenous doses generally produced higher peak values than did oral doses. For urea nitrogen, the levels of peak enrichment were, with one exception, considerably less than those for ammonia (a result of dilution of label by the large residual pool of urea nitrogen in the body). The exception was with lysine, which produced very similar peak labelling in both end products. With every tracer maximum enrichment of urea nitrogen occurred at least 1 h after that of ammonia. As with ammonia, the route of tracer administration made little difference to the time required to reach maximum enrichment but in contrast with ammonia, intravenous doses almost always produced lower peak labelling.
For the wheat and yeast studies the proportion of the isotopic dose excreted in faeces over 4 days after the dose was given was as follows: wheat Creatinine excretion in urine was 1.04 (SD 0.04) g/12 h.
The estimated rates of nitrogen flux and protein synthesis in the whole body are given in Table 1 . Those obtained individually from ammonia and urea have been calculated on the assumption of a single pool of metabolic nitrogen in the body [2, 41. It is clear from these results that within each study ammonia and urea seldom gave similar estimates for flux or synthesis. Only with oral doses of glycine and alanine were the flux rates given by the two end products within 10% of each other. With oral wheat, yeast and glutamine and intravenous glycine, alanine, glutamine, glutamate, leucine and aspartate, the differences between ammonia and urea were 20-100%. In the remaining seven studies (oral glutamate, leucine, aspartate, lysine, and intravenous lysine) the discrepancies were greater than twofold.
For each amino acid the estimates of flux and synthesis from ammonia were generally higher than those from urea when the tracer was given orally but lower when given intravenously (Table 2 ). This inverse relationship between the two end products has been used as the empirical basis for calculating the arithmetic and harmonic averages. Unlike ammonia and urea, the two averages gave estimates of nitrogen flux which were relatively unaffected by the route of tracer administration.
Although by calculating the end-product averages the effects of the route of tracer administration on the estimates of whole-body rates were reduced, the actual value obtained with each amino acid varied considerably. With the harmonic average, for example, and with the exception of lysine, the rate of synthesis ranged from 5O.lg of protein/l2 h (intravenous glutamine) to 183.7 g of protein/l2 h (oral leucine). The values obtained with lysine were very high (544-760 g of protein/ 12 h), being of an order of magnitude greater than those calculated from glutamine.
Discussion
Physical and metabolic compartmentation
The present series of investigations show that the concept of a homogeneous metabolic pool of body nitrogen is only valid in exceptional circumstances. In only four cases was there any evidence to suggest a single metabolic pool: with leucine and lysine similar rates were obtained with either ammonia or urea (but not both) for the two routes of tracer administration and with glycine and alanine similar rates were indicated by both end products when the tracer was given orally (but not intravenously).
The disparity in the rates given by ammonia and urea (Table 1) stem primarily from the two forms of compartmentation outlined in the Introduction: from irregular distribution of the tracer between the tissues of the body (physical separation) and from differences in the metabolism of the nitrogen moiety of the individual 15N tracers (metabolic channelling). To try to distinguish between these two types of compartmentation a two-pool model for metabolic nitrogen has been used ([ll]; Fig. 1 ). The model proposes that urinary ammonia and urea are generated from two functionally distinct precursor pools of nitrogen and that the rate of nitrogen flux in the whole body is given by the sum of their individual fluxes. This scheme presents some difficulties in calculation which are not met with the classical single-pool model [2, 41 . In order to calculate accurately the rate of flux in each precursor pool, it is necessary to know either the exact way in which the tracer dose is partitioned between them, or their relative rates of turnover. Since neither can be determined, experimentally or theoretically, assumptions about these factors have to be made.
As in previous studies [3, 111, comparisons between different tracers and different routes of their administration have been made by assuming either that there is equal distribution of isotope between the two metabolic pools of nitrogen (arithmetic end-product average) or that they both have the same rate of turnover (harmonic endproduct average). The two assumptions differ fundamentally in that one presupposes a particular distribution of isotope and the other a specific relationship of flux. If both conditions are fully met then the two averages will give the same value, one which represents the actual rate of flux in the total metabolic pool as given by a particular tracer. It is, though, unlikely that both constraints will be fully satisfied because if they were then the proposed scheme (Fig. 1) would be no different to the single-pool model of Sprinson & Rittenberg [4] ; the evidence of the present study does not support this concept. It is far more likely that neither, or at best only one, of the conditions will hold entirely. Both averages are, therefore, an approximation of flux since one cannot judge which of the two is the more accurate value. Arguably the harmonic average may be the better estimate because as protein metabolism is by far the largest component of nitrogen turnover and as exchange with body protein is common to both pools of metabolic nitrogen, it is more likely that the two precursor compartments of the model will have similar rates of turnover. There is less reason to suppose equal distribution of isotope between the two pools. With most of the tracers the difference between the values of the two averages were, in any case, relatively small. The purpose of calculating and comparing these averages is that since they ostensibly reduce the effect of physical separation of the tracer within the body, they may give a much clearer indication of the extent of metabolic compartmentation of labelled nitrogen from different amino acid sources than that suggested from data based on ammonia or urea alone.
The values of the end-product averages for each amino acid have been interpreted tentatively as an index of metabolic compartmentation of their respective nitrogen(s). As there is little published data on the measurement of nitrogen turnover in the whole body with amino acids other than glycine, and since changes in isotope enrichment of amino acids were not measured in this study, any explanation of the present results must be general and speculative.
The difference between rates of flux and synthesis givep by the amino acid tracers may be explained by two counteracting factors. The first is the metabolic proximity of the tracer nitrogen to the synthesis of urinary end products. The proportion in which an amino acid tracer is partitioned between the synthesis of protein and of end products will depend on the number of intermediate pools of amino acids its nitrogen must pass through before final incorporation into the end products. This follows because for each intermediate pool there is a further occasion for it to be taken up into protein without an equal opportunity for incorporation into either ammonia or urea. Hence, in metabolic terms, the more immediate an amino acid is to the synthesis of urea and urinary ammonia the less will be the proportioning of its isotope to protein synthesis. With the present method this immediacy will be reflected by decreasing estimates of nitrogen flux.
The second factor is the extent to which the metabolism of nitrogen from a particular amino acid kinetically represents that of nitrogen from the general metabolic pool. With the single-pool hypothesis [4] , because it is assumed that nitrogen in the metabolic pool is freely exchangeable between constituent amino acids, it is implicit that all nitrogen excreted in an end product has at some stage been common to or is a reflection of the metabolism of each and every amino acid. No study has made extensive comparisons of nitrogen exchange between amino acids in man but one detailed investigation in rats [16] has shown clearly that amino acids do not accept nitrogen from the general pool to the same extent. Differences between them can be quite marked. Aqvist's study [16] suggests that, on the whole, the essential amino acids, especially lysine, histidine and threonine, receive little amounts of nitrogen from the body pool: they donate nitrogen to rather than acquire it from this compartment. In contrast, the non-essential amino acids, particularly glutamine, alanine, glutamate and aspartate, exchange their nitrogen far more readily. Consequently, in the equation for calculating flux rates the value of 'E' (EA and Eu) is more appropriate for non-essential amino acids than it is for essential ones, because the rate of excretion of their nitrogen is more representative of that of the general pool. The amino acids that will be best represented by the measured value of 'E' are those which are the most immediate precursors (in whole-body terms) for the synthesis of ammonia and urea. Those that are poorly represented will give high rates of turnover; the poorer the representation the greater the rate.
The difference in values obtained with wheat and yeast can be accounted for almost entirely by the difference in their amino acid composition. In Table 3 the rates of flux measured with the two protein tracers have been compared with estimates derived from those given by the seven individual amino acids tested and their relative contribution of nitrogen in the two proteins. The derived values assume that the collective rate given by the seven tracers for each protein is proportional to that of nitrogen from the amino acids not represented (46% for wheat and 66% for yeast). For both proteins the derived values were similar to the measured ones. The higher rate given by yeast relative to wheat can be explained by its higher content of lysine, which when used as a tracer gives high estimates of flux, and its lower content of glutamine and glutamate, which give low estimates of flux.
Choice of tracer
The practical purpose of this study was to examine different sources of 15N for their suitability for measuring the rates of whole-body protein synthesis in man with the end-product method. An objective way to do this is to compare rates obtained for the present subject with those measured in other normal adult subjects by an independent method. Such a comparison can be made with the plasma methods which use leucine labelled in the I-carbon position as the tracer. The present end-product method and the plasma Protein synthesis (g day-' kg-' body wt.)
FIG. 2.
Rates of protein synthesis in the whole body given by the various 15N tracers and by study with carbon-labelled leucine. Except for reference [22] , rates of synthesis with carbon-labelled leucine have been standardized on the assumption that 1 g of protein contains 590 pmol of leucine [30] (this was not possible with reference [22] as no basic data were presented). The symbols represent the following measurements: 0, carbon-labelled leucine; m, harmonic end-product average; D, arithmetic end-product average. methods are based on very different theoretical considerations and types of measurements [ 171. Fig. 2 illustrates the values of the end-product averages for the rate of whole-body synthesis after intravenous doses of each of the ,amino acid tracers (values after oral doses were similar except in the cases of aspartate and glutamate; see Table  1 . The five studies were chosen because their subjects were fed similar levels of protein and energy during the period of measurement. The level of food intake is known to affect the rate of turnover significantly [3, 19, 20] . The range of the mean values measured with [I3C or ''C]leucine was 2.8-6.3 g of protein day-lkg-' body wt. Of the current "N tracers, four gave rates of synthesis which fell outside this range. The most notable was lysine which indicated a rate of between 4 and 10 times higher than that encompassed by the data from [13C or '%]leucine. The estimates obtained with the other three (glutamine, alanine and aspartate) were, in contrast, lower than the carbon data, marginally in the case of aspartate but between 2 and 4 times lower for glutamine and alanine. Those given by the remaining tracers, glutamate, glycine, leucine and wheat and yeast protein, fell within the range. Compared in this simple operational way, the latter five tracers appear to be more appropriate sources of nitrogen for this type of measurement.
Of these five tracers, glycine seemed t o be the most suitable, for two reasons. First, in contrast to glutamate, the values for synthesis given by either ammonia or urea after administration of glycine showed much closer agreement between the intravenous and oral studies. Secondly, with glycine the difference between ammonia and urea values was much smaller within either the intravenous or the oral study than that measured after giving leucine, wheat or yeast. This better agreement in the observed rates, both between the two routes of administration and between the two end products, suggests that the metabolism of glycine nitrogen is less biased towards a particular metabolic compartment or body tissue than the other four tracers and it may, therefore, be more representative of that of total nitrogen in the body in the fed state. Based on a different approach, the same conclusion has been reached in fed adult subjects [23] and in postprandial rats [24] . Nonetheless, although apparently suitable in the fed state, it remains to be shown that this tracer is equally appropriate in other nutritional or physiological circumstances.
Sources of error
The potential sources of error in the comparisons of nitrogen metabolism made in this study have been discussed previously [2, 3, 11, 17, 251. However, there are two points which need comment.
The f i s t concerns the use of a single subject in the present study. The main reason for this, as stated in the Introduction, was to make the comparison between different tracer sources and routes of their administration under as uniform conditions as was possible in practice. Nevertheless, as a consequence, it remains uncertain if the results obtained in the present volunteer will be applicable to other fed subjects. It is difficult to be sure of this but the available evidence does suggest 'normality'. Table 4 shows that measurements of synthesis with [ ''Nlglycine and "N-labelled wheat in both the fed and fasted states in the current subject were not significantly different to that obtained with several other individuals of similar age. All the comparative data in the Table have been obtained with the same protocol as used in the present investigation.
The second point concerns the time over which the entire study was done. As the first and last measurements were made over a period of 16 months, errors resulting from biological variation within the subject (or those related to the method itself) could have affected the conclusions. To assess the overall precision of this study, flux and synthesis were measured with [ 'SN]glycine on four occasions spanning 19 months. Table 5 shows that the precision of the flux measurements was better than 10% for either end product and better than 4% for the end-product averages. In the present context this level of variation is small and it will not change the interpretation of the data. Reproducibility with other tracers was not very different to that obtained with glycine (as judged by values measured with high and low doses of alanine and aspartate, and the two yeast studies).
Two minor points also need to be mentioned.
In calculating flux from the yeast (and wheat) data the amount of "N excreted in faeces has been subtracted from the amount of isotope given to the subject because only with such a correction could similar rates be obtained for both the studies with yeast. The corrected rates of flux are, therefore, underestimates because this presupposes that none of the label in faeces results from endogenous nitrogen. The underestimation is not likely to be very great, however, since for wheat it can be no more than 6.8%, and in faecal collections made after the intravenous study with glycine the excretion of isotope amounted to only 2.3% of the injected dose. Unusually low labelling of urea has been reported with [15N]lysine in young men consuming a lysine-free diet [26] . In the present study with [ "N]lysine, although both urea and ammonia were poorly labelled too, their low enrichments cannot be attributed to a deficiency of this amino acid in the diet since the level of labelling was much the same when the test meals were supplemented with unlabelled lysine.
Conclusion
Even though only a limited number of amino acids have been examined, the results show that ammonia and urea do not as a rule give the same estimate for flux or synthesis in the whole body.
This suggests that the single-pool hypothesis [4] is an oversimplification. The discrepancies between the two end products were generally large and sufficiently so to warrant measurements of both in studies of protein metabolism. The use of endproduct averages for lessening the effect of physical compartmentation may be conjectural but in practice both averages seem to work.
A more urgent problem, highlighted by this study, is that estimates of synthesis in the whole body vary according to the chosen 15N tracer. Until more information on the nitrogen metabolism of individual amino acids is available, it may be advisable either to pretest the suitability of particular amino acids or to give a mixture of them as the tracer.
Finally, the results of this study have been obtained with an end-product method with a single dose of tracer [3] . They should, nevertheless, be equally relevant to end-product methods where the I5N dose is given continuously, with or without priming doses. Although technically different, the method with continuous dosing is mathematically very similar [ 171 to the single-dose approach and is also dependent on the same assumption made about the way metabolic nitrogen is compartmented in the whole body.
